cDNA microarrays are powerful tools for the study of gene expression profiling. Although many aspects of microarray methodology have now become standardized, the success or failure of a given experiment often depends on the quality of the labeled material used for hybridization. Since microarrays represent a considerable laboratory expense, accurate assessment of labeling quality before hybridization can result in substantial savings in both time and money. Despite these benefits, most of the techniques currently in use to evaluate the quality of labeled nucleic acids have practical limitations. The concentration of fluorescent dyes incorporated into cDNA can be measured spectrophotometrically, but this method requires substantial quantities of labeled material for accurate measurement, often a large fraction of the sample. While this material may be hybridized after measurement, some degree of photobleaching may occur, and the possibility of cross-contamination cannot be ruled out. Additionally, this method gives no insight as to the quality of labeled cDNA. Information about the size distribution of labeled cDNA can be particularly valuable when labeling tissue samples that may have undergone fixation, or when the cDNA is derived from small numbers of cells obtained by laser microdissection, where RNA integrity tends to show variability from sample to sample.
We have developed a PAGE microgel ideally suited for the assessment of labeled cDNA quality. In contrast to previously described agarose-based microgels (7, 8) , this simple PAGE system is optimized for the rapid analysis of fluorescently labeled DNA and does not require staining/destaining steps. A standard glass microscope slide (75 × 25 mm) serves as the backplate for the microgel, and the spacers are constructed from double-sided adhesive 40 × 20-mm Easiseal (Hybaid, Middlesex, UK). The spacers are used to adhere the front plate (a standard glass 24 ×40-mm coverslip) to the backplate ( Figure 1A) . To cast the gel, 6% acrylamide solution is prepared following a standard nondenaturing PAGE recipe (6) . A multi-well comb, cut from a thin strip of plastic, is inserted at the top of the casting. The microgel is placed horizontally, and the gel matrix (typically less than 300 µ L) is poured at the bottom. After polymerization is complete (typically 30-40 min), the comb is removed, and the wells are washed with a capillary pipet.
To load the microgel, the slide is placed in an upright position inside a transparent container filled with a small amount of 1 ×TBE. One microliter of each sample is diluted 1:1 with loading buffer, 0.5 µ L are loaded in each well, and a 100-bp fluorescent DNA ladder (Bio-Rad Laboratories, Hercules, CA, USA) is loaded into an additional well. After loading, the microgel is placed in a horizontal electrophoresis unit. To provide adequate conductivity, two filter paper strips are cut, soaked into 1 × TBE buffer, and placed in contact with the ends of the gel ( Figure 1B ). The electrophoresis unit is covered with aluminum foil to protect the gel from ambient light, and electrophoresis takes place for 5 min at 300 V. In a typical experiment, 50-100 µ g total RNA are labeled, and 0.5% of the material is loaded on the microgel. Thanks to the high sensitivity of microarray scanners, smaller samples of labeled RNA, such as those generated by transcriptional amplification of a small number of cells, can be analyzed on microgels by loading only 1%-2% of the material.
In an exemplary application, we used the microgel to assess the quality of four labeling reactions prepared using two different RNA purification methods. All samples consisted of total RNA isolated from human colon tissue with TRI ZOL ® reagent (Invitrogen, Carlsbad, CA, USA) using an OMNI 2000 homogenizer (OMNI International, Warrenton, VA, USA). Additionally, two of the samples were further purified with the RNeasy ® Mini Kit (Qiagen, Valencia, CA, USA) according to the RNeasy Mini protocol for RNA cleanup. RNA samples were quantified by the RiboGreen ® assay (Molecular Probes, Eugene, OR, USA), and 100 µ g RNA were labeled with either Cy3-or Cy5-dUTP (Amersham Biosciences, Piscataway, NJ, USA), as described in Reference 2. An aliquot representing 0.5% of the labeled material was applied to the microgel and subsequently analyzed in an ArrayWoRx ™microarray scanner (Applied Precision, Issaquah, WA, USA). Slides were scanned at 685 nm (Cy5 sample), 595 nm (Cy3 sample), and 517 nm (FITC-labeled DNA ladder) wavelengths with an exposure time of 0.5 s/channel. Alternatively, microgel scans can be performed using a GenePix ™ 4000B scanner (Axon Instruments, Union City, CA, USA), which limits the analysis to two wavelengths, precluding the visualization of the FITC-labeled DNA ladder marker.
The microgel system readily detected differences in size distribution and fluorescence intensity between the labeled samples (Figure 2 The correlation between the microgel assay results and hybridization signal intensity was demonstrated by hybridizing the remaining labeled material to human 4.6-kDa poly-L -lysine cDNA microarrays (Yale Keck Microarray Facility) according to the Childs/Kucherlapati protocol (1) (http://sequence.aecom.yu.edu/ bioinf/microarray/protocol4.html). The slides were subsequently analyzed by a GenePix 4000A scanner (Axon Instruments). As predicted by the microgelsystem, the signal of TRI ZOL /RNeasytreated material is considerably more intense in both Cy3 (4.26 times greater) and Cy5 channels (3.99 times greater) than the signal from RNA purified exclusively with TRI ZOL (Figure 3. ). Background subtracted median intensity per pixel for the TRI ZOL /RNeasy material was 754 and 607 for Cy3 and Cy5, respectively, while the median intensities per pixel were 177 and 152 for Cy3 and Cy5 for TRI ZOLalone. Increased signal intensity has been shown to reduce variability between replicated spots on a microarray (3) .
In a different series of experiments, we used microgels to evaluate the labeling quality of fluorescent samples generated by random priming of human genomic DNA using Klenow large fragment DNA polymerase. After microgel analysis, several different Cy3-and Cy5-labeled DNA preparations were used for comparative genomic hybridization on microarrays (array-CGH) (4, 5) . The array-CGH results showed a clear correlation between the labeling quality assessment based on the microgel system and the fluorescence signal intensity of the spots obtained after hybridization and scanning of the arrays (data not shown). . Microgels are mounted using double-sided adhesive spacers. The polyacrylamide mixture is poured with the microgel in a horizontal position. Once polymerized, the microgel is immersed in 1 ×TBE buffer, and the samples are loaded in an upright position. Finally, the loaded microgel is placed over an electrophoresis tray, and wet strips of filter paper connect both ends of the microgel with the electrophoresis buffer.
Our cumulative experience with cDNA and genomic DNA sample labeling can be summarized as follows. Some microgel profiles of labeled material reveal intense fluorescence incorporation in very small DNA with a size distribution of 10-50 bases. This material indeed contains a fairly large amount of incorporated fluorescence label but nevertheless fails to yield strong fluorescence signals on microarrays. On the other hand, other labeled DNA preparations yield material of fairly large size (50-1000 bases) but relatively low fluorescence intensity, as judged by the microgel image. This material, which contains relatively low levels of incorporated fluors, also fails to yield sufficient signal intensity on the microarrays. Thus, high incorporation and sufficiently large chain length (>50 bases, extending to at least 300 bases) are both required for successful experiments using cDNA microarrays.
In conclusion, microgel electrophoresis of labeled samples, coupled with imaging using standard microarray scanners, is a valuable quality control for microarray experiments. This method has been shown to detect differences in DNA integrity and labeling efficiencies that translate into differences in microarray hybridization success. Microgels are particularly valuable for assessing labeling quality in material obtained by laser capture microdissection, where RNA degradation or low cDNA yields often lead to failures in microarray experiments. Adoption of this simple technique can result in increased data quality and save valuable resources. 
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